Chronic muscle pain affects 20-50% of the population, is more common in women than men, and is associated with increased pain during physical activity and exercise. Muscle fatigue is common in people with chronic muscle pain, occurs in response to exercise, and is associated with release of fatigue metabolites. Fatigue metabolites can sensitize muscle nociceptors, which could enhance pain with exercise. Using a mouse model we tested whether fatigue of a single muscle, induced by electrical stimulation, resulted in enhanced muscle hyperalgesia and if the enhanced hyperalgesia was more pronounced in female mice. Muscle fatigue was induced in combination with a sub-threshold muscle insult (2 injections of pH 5.0 saline) in male and female mice. We show that male and female mice, fatigued immediately prior to muscle insult in the same muscle, develop similar muscle hyperalgesia 24 hours later. However, female mice also develop hyperalgesia when muscle fatigue and muscle insult occur in different muscles, and when muscle insult is administered 24 hours after fatigue in the same muscle. Further, hyperalgesia lasts significantly longer in females. Finally, muscle insult with or without muscle fatigue results in minimal inflammatory changes in the muscle itself, and sex differences are not related to estradiol (ovariectomy) or changes in brainstem activity (pNR1). Thus, the current model mimics muscle fatigue-induced enhancement of pain observed in chronic muscle pain conditions in the human population. Interactions between fatigue and muscle insult may underlie the development of chronic widespread pain with an associated female predominance observed in human subjects.
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Introduction
Chronic pain affects over 100 million Americans [30] and chronic musculoskeletal pain is the most common type of chronic pain affecting up to 47% of the population [15] . Fibromyalgia (FM) and myofascial pain syndrome (MPS) are syndromes of chronic muscle pain, characterized by both somatic (focal tenderness, muscle pain, fatigue) and psychological (depression, anxiety, difficulty concentrating, insomnia) symptoms [7, 36] . These diseases can be devastating: 25% of FM patients are unable to work and those who can work report significant pain-and fatigue-limited loss of productivity [6, 14] . Further, these conditions are more common in women than men, suggesting differences in mechanisms of widespread pain between the sexes. Aerobic exercise improves symptoms in people with FM and MPS [32, 67] Recently our laboratory demonstrated that a running wheel task, which fatigued the whole body, resulted in hyperalgesia of the paw after an otherwise innocuous muscle insult [7, 36, 66, 80] , indicating generalized fatiguing exercise enhanced the nociceptive response to muscle insult. While muscle fatigue is associated with release of fatigue metabolites (H + , lactate, and ATP) that can
